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j.2012.12Abstract Selection of the construction materials is affected by many factors including their prop-
erties under the applied loads. Loading rate is considered as a very important parameter which
inﬂuences the behavior of the materials. Fibrous concrete is commonly used in applications in
which the loading rate exceeds quasi static conditions by a large margin. This paper investigates
the inﬂuence of ﬂexural loading rate on the performance of ﬁbrous concrete prisms in ﬂexure.
Two hundred and ﬁfty two prisms include ﬁbrous concrete and control specimens were prepared
and tested. Fiber type, ﬁber dosage and ﬂexural loading rate were the main parameters considered
in this study. Two types of ﬁbers were investigated namely polypropylene ﬁbers and glass ﬁbers.
Three dosages of ﬁber volume fractions were implemented as 0.5%, 1.0% and 2.0%. A total of
12 different rates of displacement (0.0039 up to 8 mm/s) for load application were conducted. A
computer controlled universal testing machine provided with data acquisition system capable of
performing 1000 loop per second was used. Load–central deﬂection, ﬂexural strength and toughness
were the evaluated properties for the investigated specimens. The results indicated that the ﬂexure
strength values exhibited loading rate dependence not only for the control mix but also for the
investigated ﬁbrous mortar mixes. Also the performance in ﬂexure varied substantially not only
with loading rate but with ﬁber type and ﬁber volume fractions as well.
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In many applications, ﬁber reinforced concrete is subjected to
a bending action. Hence, the behavior of such composites inusing and Building National
g by Elsevier
g National Research Center. Produ
.003bending has been extensively investigated [1]. In essence,
improving the energy absorbing capacity of the matrix is one
of the primary reasons for adding ﬁbers to cement mixes.
The absorbed energy capacity can be evaluated by determining
the area under the stress–strain curve or by the load–deﬂection
behavior. In the case of bending, the area under the load
deﬂection curve is used to estimate the energy-absorbing
capacity or toughness of the material. Toughness increase
means improved performance under fatigue, impact and im-
pulse loading. The composite’s ability to undergo larger defor-
mations before failure is often measured using dimensionless
values called toughness indices [1]. The major factors thatction and hosting by Elsevier B.V. All rights reserved.
28 M.A.A. Abd el Atymay affect the load–deﬂection performance and hence the eval-
uation of toughness are ﬁber type, ﬁber geometry, ﬁber volume
fraction, matrix composition, specimen size, loading conﬁgura-
tion, loading rate, deformation – measuring accuracy, feed
back control and stiffness of the machine compared with the
stiffness of the specimens [1].
Many experimental investigations have studied strain rate
effects on normal strength concrete mixes on dry condition
subjected to compression [2–6]. The measured compressive
strength values are increased with increasing rates of loading.
Authors of Ref. [7] have investigated the inﬂuence of high
strain rates on the strength and deformation of ﬁber reinforced
concrete in compression. The results indicated that 20% and
from 10% to 20% increase in strength and ultimate strain were
recorded, respectively.
An experimental study on strain rate dependent behavior of
concrete in tension was carried out by means of a servo –
hydraulic testing machine [8]. The conducted strain rate ranged
from 105 to 103/s. It was observed that the strain rate
enhancement for modulus of elasticity is less pronounced than
for tensile strength. The fracture surfaces of the specimens be-
came more and more ﬂattened and a number of coarse aggre-
gates were broken along the failure surfaces with increasing
strain rate as well [8].
The effect of loading rates in tension on the failure energy
and strength of concrete was studied [9]. At higher loading
rates, or strain rates, the failure energy of micro-concrete, as
well as the strength, was found to be substantially increased.
Authors of Ref. [10] have investigated the inﬂuence of
strain rate on performance of ﬁber reinforced concrete loaded
in ﬂexure. A determinate panel procedure was followed to
examine the inﬂuence of low to moderate rates of strain. The
results indicated that the performance can vary substantially
with strain rate when some types of ﬁbers were used [10].
Since ﬁbrous composites is commonly used in applications
in which the rate of loading exceeds quasi static conditions by
a large margin such as structures subjected to blast, explosive
or impact loadings, and since the properties of materials can
vary with loading rate, so there is a need to determine the per-
formance of ﬁbrous mortar materials at rates of loading that
approximately simulate those occurring in actual applications.
The present study is designed to investigate the inﬂuence of
ﬂexural loading rate on the performance of ﬁbrous mortar
prisms in ﬂexure. Fibrous mortar prisms include ﬁbrous mor-
tar and control specimens were prepared and tested. Fiber
type, ﬁber dosage and ﬂexural loading rate were the main
parameters considered in the present study. Two types of ﬁbers
were used namely polypropylene ﬁbers and glass ﬁbers. Three
dosages of ﬁber volume fractions were implemented. Wide
ranges of loading rates were applied.
Research signiﬁcance
Applications of ﬁber reinforced cement based material typi-
cally involve structures and members that resist load through
ﬂexure especially those involve applications in which the rate
of loading exceeds quasi static conditions by a large margin.
Since the properties of material can vary with loading rate,
so there is a need to investigate the performance of the men-
tioned material at loading rates that approximately simulate
those occurring in actual applications. That will lead toadequate choice and proper implementation of such material
which is a major step in the design process.
Experimental program
Fibrous mortar specimens were prepared and tested to investi-
gate its behavior under different ﬂexural loading rates. Three
main groups composed of seven sub sets of 252 ﬁbrous mortar
prisms were cast, cured and tested after 60 days age. The dif-
ference between the main three groups was the ﬁber type used.
The ﬁrst main group was the control one that contained no ﬁ-
bers. Moreover, the second and the third ones contained poly-
propylene ﬁbers and glass ﬁbers, respectively.
The main parameters that were considered in the present
investigation were:
n Fiber type.
n Fiber dosage.
n Bending deﬂection rate.
Details of the mix design used for all the three groups are
listed in Table 1.
Two types of ﬁbers were used namely polypropylene ﬁbers
and glass ﬁbers. For each type of ﬁber, three ﬁber volume frac-
tions were experimentally investigated as 0.5%, 1.0% and
2.0%. A total of twelve different rates of displacement were
used in this investigation. The rates of the central displacement
varied as a geometric series increment as 0.0039, 0.0078,
0.0156, 0.0312, 0.0625, 0.125, 0.25, 0.50, 1.0, 2.0, 4.0 and
8 mm/s. The selected rates of displacement were selected
according to the capacity of the available servo electrical
closed loop equipment, as well as to represent the expected
practical loading rates. Fig. 1a and b briefs in a ﬂow chart
the research parameters.
Materials
Cement
500 kg type I (N 42.5) Portland cement content was used in all
the investigated mixes. 115, 330 min were the initial and the ﬁ-
nal setting times, respectively. 18, 44 MPa were the two and 28
days compressive strength for the used cement, respectively.
Aggregate
Clean well graded natural sand satisfying the requirements of
ES 1109 of 2.96 ﬁneness modulus was used in this study.
Water
Portable water satisfying the requirements of ES 190 was used
for both mixing and curing the investigated specimens.
Admixtures
A chemical concrete admixture satisfying the requirements of
speciﬁcation ASTM C 494 type F was used as a dosage of ce-
ment content to maintain the degree of consistency for mixes
containing ﬁbers as 40 ± 10% as measured by ﬂow test.
Fibers
Polypropylene ﬁbers and glass ﬁbers were the two types of syn-
thetic ﬁbers used in this study. The used type of polypropylene
ﬁbers is called ﬁber mesh. It process 0.91 speciﬁc gravity,
Test parameters
Loading rate in flexure
Twelve degrees of loading rate 
0.0039, 0.0078, 0.0156, 0.0312, 
0.0625, 0.125, 0.25, 0.50, 1.0, 2.0, 4.0 
and 8 mm / sec mm / sec
Standard loading rate as ASTM C 78-
84 is that produce bending stresses 
861 to 1207 kPa / min
The equivalent displacement rate is 
(0.0039)mm/ sec. for this study
Material parameters 
Control
Polypropylene fibers
0.5 %
1.0 %
2.0 %
Glass fibers
0.5 %
1.0 %
2.0 %
(a) Material parameters 
(b) Test parameters 
Fig. 1 Research parameters.
Table 1 Mixes schedule.
Group Subgroup Cement
(kg/m3)
Sand
(kg/m3)
Water
(L/m3)
PP% by
volume
G% by
volume
Admixture type F
(ASTM C494) (%)
C Co 500 1500 250 0.0 0.0 0.0
PP PP0.5 0.5 – 1.0
PP1.0 1.0 – 1.0
PP2.0 2.0 – 1.67
G G0.5 – 0.5 1.0
G1.0 – 1.0 1.33
G2.0 – 2.0 1.67
C = control mix.
PP = mixes containing polypropylene ﬁbers.
G = mixes containing glass ﬁbers.
Load cell
Specimen
Motor
Oscilloscop
Screen
Amplifier LVDT
CPU
Movable
head
Frame
Fig. 2 Set-up for test arrangement.
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Whereas, the used glass ﬁbers was of AR type of 13 mm length
and 17 micron diameter.
Test procedure
Two hundred and ﬁfty two ﬁbrous mortar prismatic specimens
of 40 · 40 · 160 mm were prepared for this investigation. An
electrical concrete mixer was used in the process of mixing.
The mixing process continued to ensure adequate dispersion
of ﬁbers which requires a minimum of ﬁve minutes or 70 rev-
olutions at mixing speed according to ASTM C494. During the
mixing process, ﬁbers were added and dispersed manually to
fresh mix directly in the concrete mixer. After mixing, the
prismatic specimens were cast and kept moist for 24 h then
remolded. The specimens were kept in water of 20 ± 2 C
for curing up to the test age. The test age was chosen to beas 60 days to avoid the expected strength gaining for low load-
ing rates as well as the test period.
Testing machine
A servo Electrical Universal Testing Machine was used in this
study. It is a computer controlled with data acquisition system
that is capable of performing 1000 loop per second. It is capa-
ble of performing ramp tests rather than fatigue ones. Fig. 2
shows the machine used and the test set up.
One of the main important investigated properties in this
study was the toughness as affected by loading rate. ASTM
C1018 [11] was implemented to measure the toughness indices.
Twelve loading rates were selected for this search.
Test results, analysis and discussion
In this section, the results of testing 252 prismatic ﬁbrous mor-
tar specimens are presented, analyzed and discussed. The con-
ducted study covered the inﬂuence of loading rate in ﬂexure on
the behavior of the ﬁbrous mortar specimens. Polypropylene
ﬁbers and glass ﬁbers were the two types used of synthetic ﬁ-
bers with three ﬁber volume fractions. The evaluated proper-
ties include load–central deﬂection relationship, ﬂexural
strength, ﬂexural toughness rather than toughness indices.
The evaluated properties are presented, analyzed and discussed
as following:
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30 M.A.A. Abd el AtyLoad–central deﬂection relationships
Figs. 3–9 demonstrate the load–central deﬂection of the inves-
tigated groups. Fig. 3 shows that relation for the control mix
(without ﬁbers) under the applied loading rates. For the con-
trol mix specimens, the patterns of the load–central deﬂection
relationships seem to be not affected by loading rates since a
linear relationship between load and central deﬂection from
load starting up to the maximum load was recorded followed
by a sudden drop of the load after reaching the peak load.
For the group containing glass ﬁbers, the relationships be-
tween load and central deﬂection, show not so different behav-
iors. The results of glass ﬁbers are presented in Figs. 4–6 for
0.5%, 1.0% and 2.0% glass ﬁber volume fractions, respec-
tively. From starting up to the peak load the relationships
seem to be straight for all loading rates as well as the investi-
gated glass ﬁber volume fractions. After reaching the peakFig. 3 Load–defection relationship for control mix under
different loading rates.
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Fig. 4 Load–defection relationship for mix containing 0.5%
glass ﬁbers under different loading rates.
Central deflection (mm)
Fig. 5 Load–defection relationship for mix containing 1.0%
glass ﬁbers under different loading rates.
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Fig. 6 Load–defection relationship for mix containing 2.0%
glass ﬁbers under different loading rates.load, a softening behavior took place. This softening response
degree depends on both the ﬁber volume fraction included in
the concrete mix as well as the applied loading rate. It becomes
steeper at lower volume fractions and also with the higher
loading rates. And that behavior will be evaluated thought
toughness analysis in the following chapters.
For mixes containing polypropylene ﬁbers, the relationship
between the load–central deﬂection in ﬂexure, are given in
Figs. 7–9 for mixes containing 0.5%, 1.0% and 2.0% polypro-
pylene ﬁber volume fractions, respectively. Noticeable differ-
ences between the performance of the mortar mixes
containing polypropylene ﬁbers and those containing glass ﬁ-
bers were recorded. The load–central deﬂection relationship
for the mixes containing polypropylene ﬁbers behave linearly
from start loading up to ﬁrst crack occurs. A sudden drop of
the load carrying capacity was noticed for all mixes and at
all loading rates. The values of the drop in load seem to be
higher for mixes containing lower ﬁber volume fractions and
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Fig. 8 Load–defection relationship for mix containing 1.0% PP
ﬁbers under different loading rates.
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Fig. 9 Load–defection relationship for mix containing 2.0% PP
ﬁbers under different loading rates.
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Fig. 7 Load–defection relationship for mix containing 0.5% PP
ﬁbers under different loading rates.
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values can be related to the loading rate applied. The drop
in load seems to be higher at lower loading rates for the same
mix. That dependence of the drop value in the ﬂexural loading
after ﬁrst crack can be related to the contribution of the ﬁbers
in the load–central deﬂection relationship.
So, higher polypropylene ﬁber volume fractions tend to re-
duce the drop of load values after ﬁrst crack and also with
higher loading rates due to the ﬁbers contribution efﬁciency.
After the drop of the load and due to the contribution of the
ﬁbers to sustain the tensile load through bridging of the
formed cracks, the load carrying capacity start again to in-
crease through strain hardening. The rate of increase of the
load and the value depend on both ﬁber volume fraction and
loading rate applied. For 0.5% dosage of ﬁbers, the peak value
after strain hardening is generally smaller than the ﬁrst crack
load for all loading rates. After reaching the peak load, a load
softening behavior took place due to ﬁber pull out and no clearaffect was recorded for the inﬂuence of loading rate at that
stage.
For 1.0% polypropylene ﬁber volume fraction, the peak
load values recorded at the end of strain hardening stage seem
to be affected by loading rate. For higher loading rates the
peak load values approach the ﬁrst crack load value whereas,
at lower loading rates these values seem to be smaller than the
ﬁrst crack load values. Also the strain softening stage due to
ﬁber pull out seems to be more gentle compared with that
for 0.5% polypropylene ﬁbers. This is due to the presence of
more ﬁbers bridging the cracked matrix.
Whereas, for 2.0% polypropylene ﬁber volume fraction, the
values of the recorded peak loads at the end of the strain hard-
ening stage seem to be greater than those for 0.5% and 1.0%
mixes. And those values also are higher compared to the ﬁrst
crack load for the same mixes. But the higher the load rate
the higher the peak load and vice versa is correct.
Some drops in load–central deﬂection relationships are
being noticed for mixes containing 2.0% polypropylene ﬁbers
this is due to successive breakage of ﬁbers which is followed by
localized peaks with smaller load value compared to the main
peak load.
Flexural strength
The ﬂexural loading capacities for the tested mortar sets are re-
corded and plotted in Figs. 10 and 11. In this study, the load-
ing rate of 0.0039 mm/s meets the standard loading rate in
bending as given by the ASTM C78-84. Moreover the other
loading rates are considered as 0.0078, 0.0156, 0.03125,
0.0625, 0.125, 0.25, 0.5, 1.0, 2.0, 4.0 and 8.0 mm/s. Those val-
ues are corresponding to 2, 4, 8, 16, 32, 64, 128, 256, 521, 1024
and 2048 times as standard loading rate, respectively.
The relationship between the maximum ﬂexural load and
the loading rates for control mix as well as the three glass ﬁber
reinforced concrete mixes are presents in Fig. 10.
For the control mix, the measured ﬂexural peak loads
increase with higher loading rates. 35% increase over the
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Fig. 10 Maximum load–loading rate relationship for mixes
containing glass ﬁbers.
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Fig. 11 Maximum load–loading rate relationship for mixes
containing polypropylene ﬁbers.
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Fig. 12 I5-Loading rate relationship for mixes containing glass
ﬁbers.
32 M.A.A. Abd el Atystandard loading rate is recorded at 2048 times loading rate.
However, the maximum increase for the peak load is noticed
at 2 mm/s (corresponding to 512 time’s static loading rate) as
36%.
For mix containing 0.5% glass ﬁber volume fraction, the
maximum measured ﬂexural load is increased with loading
rate. It reached 41.75% increase as the highest increment at
8 mm/s loading rate.
For mixes containing 1.0% glass ﬁbers, it is noticed that the
previous trend is also exist since the carrying capacity in-
creased with the increase of the applied loading rate and
52.6% increase in the capacity is recorded at 4 mm/s loading
rate.
For 2.0% glass ﬁber volume fraction concrete mixes and
with the increase of the loading rate, the measured load for
the peak value is noticed to be increased as well. The maximum
increase is recorded at 8 mm/s as 48.9% of the ﬂexural load for
the same mix at standard loading rate. Only sudden increase
was recorded at loading rate of 0.5 mm/s as 60.2%.Fig. 11 presents the relationship between the maximum ﬂex-
ural load and the loading rates for control mix as well as the
three polypropylene ﬁber reinforced mortar mixes.
For mix containing 0.5% polypropylene ﬁber volume frac-
tion, the same trend is detected. The maximum achieved in-
crease is recorded as 30% at 4 mm/s loading rate. Whereas,
for mix containing 1.0% PP ﬁbers, the maximum increase in
the ﬂexural peak load is 41.5% at 2 mm/s loading rate.
On the other hand, and for 2.0% polypropylene ﬁbers, the
maximum percentage increase is observed at 4 mm/s as 60.7%
after which it is slightly decreased.
Toughness indices
In essence, the ability of ﬁber reinforced concrete material to
absorb energy before failure is due to its post cracking perfor-
mance during which the included ﬁbers serves to prevent con-
crete failure and separation. And as well known that the higher
the toughness the higher the capacity to resist fast load appli-
cations. Implementation of such material in structural mem-
bers expected to be subjected to loads of higher rate requires
of course understanding of its performance under such condi-
tions at post cracking stage. That can be understood through
investigation of the toughness indices values using ASTM
C1018 at different loading stages.
Generally mixes of In recorded values approaching (n) are
considered as elastic plastic material and others of I(n) values
less than (n) are considered as quasi brittle material in its
behavior. Whereas, those of I(n) values greater than (n) are con-
sidered as strain hardening material in its behavior.
Figs. 12–14 show the calculated toughness indices for glass
ﬁber reinforced mortar mixes as I5, I20 and I20/I5 for the three
investigated glass ﬁber volume fractions, respectively.
I5 Toughness indices values are plotted in Fig. 12 for the
three investigated glass ﬁber reinforced mortar mixes. These
values are scattered between 1.0 and 2.0. Both loading rate
and ﬁber content can not be considered affecting the calculated
I5 values.
The results of I20 are presented in Fig. 13. The results are
being scattered between 1.0 and 2.4. A negligible inﬂuence is
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Fig. 13 I20-Loading rate relationship for mixes containing glass
ﬁbers.
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Fig. 16 I20-Loading rate relationship for mixes containing
polypropylene ﬁbers.
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Fig. 17 I20/I5-Loading rate relationship for mixes containing
polypropylene ﬁbers.
Inﬂuence of bending deﬂection rate on properties of ﬁbrous mortar 33recorded for the effect of both ﬁber content and loading rate as
well.
Whereas, Fig. 14 presents the relationship between loading
rate and (I20/I5). The calculated values for (I20/I5) are scattered
between 1.0 and 1.3 but most of these values equal unity. That
reveal that the investigated material seems to be some what lin-
ear material which means no more energy can be absorbed
through the post cracking stage with higher glass ﬁber volume
fraction and even with the inﬂuence of fast loading rates.
For mixes containing polypropylene ﬁbers, the calculated
values for I5, I20 and I20/I5 are plotted in Figs. 15–17, respec-
tively. Fig. 15 gives the relationship between loading rate
and the calculated I5 values. Through that ﬁgure, it can be no-
ticed that for the same loading rate an increase of I5 values is
recorded with the increase of the ﬁber volume fraction.
For mix containing 0.5% pp ﬁbers, I5 values are scattered
between 2.66 and 5.35. This means that a number of specimens
behave as quasi brittle whereas; some others behave nearly as
elastic plastic.
For mix containing 1.0% polypropylene ﬁbers, I5 values
starting from 5.04 at standard loading rate and reach 6.3 at
2048 times loading rate as standard one which means 25%
increase.
For 2.0% polypropylene ﬁbers mix, I5 values are recorded
between 5.53 at standard loading rate and 7.30 at 512 timesas standard loading rate which constitutes 32.0% increase with
loading rate.
Fig. 16 presents the results of I20 for the three investigated
polypropylene ﬁber reinforced concrete mixes as a function of
the applied ﬂexural loading rates.
34 M.A.A. Abd el AtyFor 0.5% polypropylene ﬁber reinforced concrete mix, I20
values are scattered between 7.52 and 18.8, the highest value
is recorded at 128 times as standard loading rate.
For 1.0% polypropylene ﬁber reinforced concrete mix,
the recorded values for I20, ranged between 11.70 and
22.10. The highest value is recorded at four time’s standard
loading rate. Where as, at highest experimental loading rate,
I20 approaches 17.3 which equal 61.30% over that at stan-
dard loading rate.
For mix containing 2.0% polypropylene ﬁbers, the value of
I20 is recorded as 17.5 at standard loading rate. On the other
hand, the highest one is observed as 26.8 at 512 times as stan-
dard loading rate which means 53.14% increase over that at
reference loading rate.
The relationship between the applied loading rate and I20/I5
for the three conducted polypropylene ﬁber reinforced con-
crete mixes is given in Fig. 17.
For mix containing 0.5% polypropylene ﬁbers, I20/I5 values
are scattered between 1.809 and 3.56. I20/I5 values are recorded
as 3.23, 1.809 and 3.56 for standard rate, 16 times rate and 256
times standard rate, respectively. At higher loading rates I20/I5
are gradually decreased compared to those values at standard
loading rate.
For mix containing 1.0% polypropylene ﬁbers, I20/I5 is 3.23
at standard loading rate whereas, the maximum value is re-
corded as 3.97 at four time’s standard loading rate. After this
maximum value and with increasing loading rate, this value
tends to decrease as can be noticed in Fig. 17.
On the other hand and for mix containing 2.0% polypro-
pylene ﬁbers, the ratio I20/I5 at standard loading rate is 3.16.
And the maximum value is 4.29 at 64 time’s standard loading
rate. That ratio tends to decrease after that rate and with
increasing the loading rate.
So, the toughness indices values for polypropylene ﬁber
reinforced mortar mixes are considered as affected by ﬁber
content. At the same ﬂexural loading rate, increasing the ﬁber
volume fraction enhances the toughness indices values. Also
the applied loading rate inﬂuences the calculated values for
I5, I20 and I20/I5.Conclusions
An experimental investigation was carried out to explore the
ﬂexural loading rate inﬂuence on the properties of ﬁbrous mor-
tar. Two hundred and ﬁfty two prisms include ﬁbrous mortar
and control specimens were prepared and tested. Fiber type, ﬁ-
ber dosage and bending loading rate were the main parameters
considered. Two types of ﬁbers were used namely polypropyl-
ene ﬁbers and glass ﬁbers. Three dosages of ﬁber volume frac-
tions were implemented as 0.5%, 1.0% and 2.0%. A total of
twelve different rates of displacement (0.0039 up to 8 mm/s)
were applied. Out of the results and the analysis, the following
conclusions can be drawn;
n Performing ﬂexural tests with loading rates greater than the
standard one results in an increase in the measured ﬂexural
load values for the control specimens as well as the mixes
containing either of the investigated ﬁber types.
n At every loading rate, an increase of the measured peak
load was noticed with the increase of the ﬁber dosage for
both the investigated ﬁber types.n The toughness indices for glass ﬁber cement composite
reveal that the investigated material seems to be some what
linear material which means no more energy can be
absorbed through the post cracking stage neither with
higher glass ﬁber volume fraction nor with the inﬂuence
of fast loading rates.
n At each speciﬁed bending loading rate, the toughness indi-
ces values for polypropylene ﬁber reinforced composite
mixes are affected by ﬁber content. increasing ﬁber dosage
results in enhancement of toughness indices values. The best
results of I5 for mixes containing 0.5%, 1.0% and 2.0%
polypropylene ﬁber volume fractions are 5.28, 6.3 and 7.3,
respectively. These values are recorded at 128, 2048 and
512 times as standard loading rate, respectively. Whereas,
the best calculated values for I20 are 18.8, 18.7 and 26.8
for mixes containing 0.5%, 1.0% and 2.0% ﬁber volume
fractions, respectively. The later values are recorded at
128, 128 and 512 times as standard loading rate,
respectively.
n The bending loading rate inﬂuences the calculated values of
I5, and I20 for polypropylene ﬁber reinforced composite
mixes. There is no ﬁxed direction in the increase of the cal-
culated toughness indices. For mixes containing 0.5% ﬁbers
the maximum improvements of the toughness indices values
are recorded as 69.2%, 86.1% over the control bending rate
at 128 times the standard loading rate. For mixes contain-
ing 1.0% polypropylene ﬁber, the maximum improvements
of I5, and I20 are recorded as 20.4%, 14.7% over that of the
control rate at 128 times standard bending deﬂection rate.
For mixes containing 2.0% polypropylene ﬁber, the maxi-
mum improvements of I5, and I20 are recorded as 32%
and 53.1% over that of the control rate at 512 times stan-
dard bending deﬂection rate.
n The applied loading rate inﬂuences the calculated values for
I20/I5 of polypropylene ﬁber reinforced composites mixes.
There is no ﬁxed trend for the results but the best results
are recorded as 3.23, 3.969 and 4.291 for mixes containing
0.5%, 1.0% and 2.0% ﬁber volume fractions, respectively.
These values are recorded at 1, 4 and 128 times as standard
loading rate, respectively.
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